The time dependent UV resonance Raman spectra, conformation, and biological activity of acetylcholine analogues upon binding to acetylcholine binding proteins.
In order to obtain quantitative data on the relation between the conformation of acetylcholine and its interaction with biologically significant proteins, a series of acetylcholine analogues with absorption bands in the region 200-300 nm have been synthesized or obtained commercially. Each of these compounds were assayed to measure its activity as an ion channel activator of the nicotinic acetylcholine receptor protein (AChR). In addition, the suitability of some of these compounds as substrates for hydrolysis by acetylcholine esterase (AChE) was determined. One of these analogues, dimethylthionocarbamylcholine (DMTC-Ch), has the ester carbonyl oxygen replaced by a thionyl sulfur. DMTC-Ch has been found to be quite active as an ion channel activator when bound to AChR and was found to react with the enzyme AChE as a suicide substrate. It forms a thionoester of the serine at the AChE active site by an ester exchange reaction that releases the choline as the first product. However, the second or acid product is not released even at pH 7.5 over a period of days. This acetylcholine analog has an absorption band at about 240 nm and exhibits very strong ultraviolet resonance Raman (UVRR) spectra using 239 nm excitation from a frequency modified Nd:YAG laser. This technique allows observation of both conformational changes of the ligand molecule that result in frequency changes as well as changes in the excited state electronic structure that results in changes in the relative intensity of the Raman bands. The time dependence of the UVRR spectrum of the ligand upon binding to both AChE and AChR has been studied from 0.1 msec to minutes. Some time dependence in the conformation of DMTC-Ch upon binding to AChE has been found for very short (0.1-0.5 msec) times. However, no change in the conformation of this neurotransmitter analog is found in the available time range upon binding to AChR. From these data it is concluded that a previous suggestion that acetylcholine has a conformational change upon binding to AChR may be incorrect since the solution behavior of the carbamyl cholines and acetylcholine are similar. Even if acetylcholine does change conformation upont binding to AChR, it is unlikely that such a conformational change plays a significant role in channel activation. We present strong evidence that acetylcholine and its analogues can be active in a variety of conformations.(ABSTRACT TRUNCATED AT 400 WORDS)